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Analysis of Minor League Rule Changes Effect on Stolen Bases
Abstract

This study uses various statistical analyses to evaluate the justification of rule changes for Major
League Baseball that were implemented within the Minor Leagues during the 2021 minor league
season. The primary focus of the study is predicting how some of these Minor League rule
changes could affect the stolen base success rate and the number of attempts per game within the
Major Leagues. A survey was conducted to evaluate how fans feel about stolen bases within the
current game and if rules should be altered to increase the number of stolen bases that occur.
Additionally, recorded Major and Minor League data was compared between 2019 and 2021
with the Major Leagues and the Double-A level being considered as control groups since no rule
changes were implemented that would affect stolen base rates but each of the other leagues
brought in an experimental rule change. This is an exploratory study that sets the table for other
studies to follow.
Keywords: Baseball, Survey, 2-prop Z-Test, T-Test, Bayesian Analysis, ANOVA, Regression
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I. Introduction
Major League Baseball has redefined itself in the Statcast era (2015-Present) as a three
true outcome game: Home runs (HR), Strikeouts (K), and Walks (BB). This means that hitters
are more than ever attempting to hit home runs while striking out at astronomical rates. The
result has been a complete change to the way players have approached the game and even less
overall action in an already limited-action. It has also sparked a decline of "small ball" such as
bunting and stolen bases, yet an increase in positional shifts. Major League Baseball has taken
notice of the changes to the game and has taken various measures to attempt to combat the
game's issues of being too long with not enough action whether it be seven inning double
headers or a limit of mound visits in a game. They often test these rule changes as experiments in
the minor leagues prior to league wide implementation to improve the game to the commisioner's
office's liking; I will be testing one of the impacts their experiments have attempted to reinvent the lost art of stolen bases.
This project closely relates to me as a catcher who enjoys throwing out runners, as well
as more so for my cousin, Simon Whiteman, a known base threat who is currently playing
affiliated baseball for the Double-A Richmond Flying Squirrels of the San Francisco Giants
organization. More stolen bases in a game results in more runs which is not only more exciting to
the fan - as we will study in our survey - but also improves a team's chance of winning since the
team that scores the most will win.
There are three experimental rule changes in minor league baseball for the 2021 season
that directly involve changes to how stolen bases may occur. In Triple-A, the closest level to the
major leagues, the base sizes are extended from 15in. squares to 18in. giving a 4.5 inch
advantage to base runners attempting to steal (Skiver). In High-A, the pitcher must fully remove
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his foot from the pitching rubber in order to make a pick-off attempt. This in turn will easily
increase the lead-off attempt distance particularly when left-handed pitchers are on the mound
with runners on first. The third rule occurred within the A division, where pitchers may only
attempt to pick-off three times before second base is granted to the runner as a balk (a one-base
penalty as a result of deception by the pitcher), not a stolen base (Castrovince). We can refer to
these changes as the bigger bases experiment (Triple-A), the lefty advantage experiment, and the
limitation of pick-off moves experiment.

II. Survey Results
Surveying is important to understand the perspectives of individuals within a particular
population - in our case fans and viewers of baseball games. Additionally, as part of the statistics
curriculum, the importance of surveying individuals comes across in passing, although it is a
crucial skill to be able to develop questions and then sample a population that every statistician
should have within their repertoire. When brainstorming for this project, I decided a surveying
aspect would be important especially if done with proper implementation. A survey was
conducted to analyze the thoughts of those who watch baseball at least once a season to see what
their favorite part of a baseball game was and whether or not they desire rule changes to improve
the amount of stolen bases. The use of a survey was none other than answering the question: why
would my findings within this honors project matter to a baseball fan? Finding a large, diverse
sample representative of the population of all baseball fans should be simple enough, right?
Wrong. While quantity of surveyees was not as much of an issue as one might expect, the
diversification of said group proved quite challenging. The best way of sampling to reach a high
sample size was e-mails, posts, and general sending of the survey to everyone I was able to,
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resulting in more of a convenience sample with a population not exactly of baseball fans, rather
many University of Akron students. The total viable surveys completed was 629. This was then
reduced to 377 as we honed in on baseball fans who watch baseball at least once a season.
Moving on, what does the survey have to offer? The seven questions were as follow:
1. How old are you?
2. What is your gender?
3. How often do you watch a baseball game (in person or on television) during the season?
4. What is your favorite part of a professional baseball game?
5. What is your favorite part of a professional baseball game? (Only if other was selected)
6. Would you enjoy seeing an increase in stolen base attempts?
7. If rule changes were put in place to increase stolen base attempts, would you be
accepting of the changes?

The first four questions all are important for determining how representative of the target
population the individual taking the survey was. Figure 2.1 below displays the frequency of each
of the possible answers from question 3.
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As can be seen in Figure 2.1, a third of the individuals surveyed watch baseball less than once a
season making their results unfit for the study since conclusions can not properly be drawn upon
with their inclusion, so our sample size of 629 dropped to 377.
Figure 2.2

After the cases of individuals who watch baseball less than once a season were removed, the age
distribution was checked on. As previously mentioned and can be seen above in Figure 2.2, our
distribution of ages is skewed right as can happen often since we have a few outliers of older
individuals who filled out the survey. The primary group of survey-takers was 18-24.
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Figure 2.3 describes the surveyee's favorite occurrence within a professional baseball game.

Great plays in the field had the highest result with 169 responses (44.83%) while home runs had
the second most with 128 (33.95%). Stolen bases was next with 35 (9.28%) followed by other
with 19 (5.04%) and strikeouts with 26 (6.90%). In a currently strikeout driven game, the fans
that were surveyed preferred stolen bases more than pitchers' strikeouts; however, stolen bases
rarely occur when watching today's game. Now we can evaluate how they felt about an increase
in stolen bases. There was a split of 90.5% of individuals who would enjoy more stolen bases
compared to 9.5% who would not. Using our sample size with that data we can achieve our goal
of estimating the true proportion of individuals who would enjoy seeing more stolen bases based
on our sample.
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Figure 2.4

p̂ = 0.905

proportion= 0.905

1- p̂ = 0.095

so

n = 377

and our 95% confidence interval is (0.8754,0.9346)

std= ((0. 905) * (0. 095))/377 = 0.0151*1.96 = 0.0296

Figure 2.4 is useful in depicting the distribution of the results of survey question six. A
confidence interval can be useful in finding a range for the actual percentage of baseball fans
who want to see more stolen bases. We are 95% confident the true proportion of those who
would enjoy seeing more stolen bases among all individuals who watch baseball at least once a
season lies within the interval ranging from 0.875 to 0.935. This proportion does not come as a
real surprise that many of the respondents would enjoy more stolen bases to occur. The cat and
mouse game between a catcher and a base runner on first where the catcher may call a pitchout
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and the runner is looking for a breaking pitch in the dirt can be one of the most interesting
aspects of the metagame of baseball that I presume only the more inclined fans understand.
Figure 2.5 displays the answer to question seven, likewise. In this figure there was a
larger split of 75.1% in favor of rule changes to increase stolen bases compared to 24.9%
opposed. Once again we can estimate that true proportion based on our sample size of 377 from
our respondents who watch baseball at least once a season.

p̂ = 0.751

proportion= 0.751

1- p̂ = 0.249

so

n = 377

and our 95% confidence interval is (0.7073,0.7947)

std= ((0. 751) * (0. 249))/377 = 0.022*1.96 = 0.0437

Based on our above calculations, we are 95% confident the true proportion of baseball fans who
accept the rule changes among fans who watch a game at least once a season lies within the
interval ranging from 0.707 to 0.795. Compared to our previous interval, it seems individuals are

11

Analysis of Minor League Rule Changes Effect on Stolen Bases

not as supportive if the rules are changed, rather, they just want the coaches and players to start
attempting to steal more bases. Viewing the dataset will be very important in determining if it
would be beneficial for a professional baseball coach to have his players attempt to steal more
bases based on the scenarios that we check.
III. Baseball Dataset
All work for the project's analyses was completed using RStudio, a free-to-use open
source statistical software that allows users to access thousands of packages that anyone using
the software has the ability to download - or even has the option available to upload their own.
BaseballR is one of these packages created and developed by Bill Petti, a well known individual
in the fangraphs and sabermetrician communities particularly for this package allowing anyone
to conduct their own statistical analyses on the publically available data of hundreds of variables
for every baseball game, from NCAA games like Akron's (which I'm helping the team by using
the package) to rookie ball (Marchi, Albert, Baumer). In affiliated baseball, there are hundreds of
variables for each pitch regardless of the level. A sample of the data frame that I was working
with can be seen below in Figure 3.1.
Figure 3.1

For my purposes, I went through each pitch of each affiliated baseball game from 2019 to 2021
and filtered out all spring training and exhibition games. I then filtered out every pitch that did
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not result in a home run, stolen base, caught stealing, or a runner being picked off. This includes
all instances of pitches that resulted in a ball without a runner attempting to steal and balls in
play that were not hit for a home run. Stolen base attempts, SBA, is the combination of SB and
CS and a rate per game of attempts was calculated by dividing that by the number of games in
the league category that were played. Next, the stolen base percentage was calculated from the
total number of stolen bases, SB, divided by the number of attempts, SBA. The table of each of
those statistics can be seen below in Figure 3.2.
Figure 3.2

The next step taken in the analysis was finding the difference across the years that are a part of
the dataset. It should be noted that no minor league games were played in 2020 due to the
COVID-19 pandemic although a small season of Major League Baseball was conducted with no
fans. This resulted in 3 MLB differences where the one without years is simply 2021 minus 2019
like the rest of them. Figure 3.3 shows how different the success rate and the amount of stolen
bases changed across the seasons we studied. Triple-A, High-A, and A all had the largest
differences in success rate which aligns with the rule changes (Gaut).
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Figure 3.3

IV. Basic Frequentist Analysis
Now that the dataset has been described a bit and some data cleaning has begun some
analyses can begin. This section will use more traditional statistics to evaluate two fairly simple
research questions:
● Is there a difference between High-A stolen base success of left-handed pitchers between
2019 and 2021? (Lefties must step off mound to throw to first)
● Is there a difference between A-ball stolen base attempts in a game (SBA/G) between
2019 and 2021? (Three pick-off attempt rule)

To start off our analysis, I began by splitting the stolen bases up by left-handed pitchers
(LHP) and right-handed pitchers (RHP) as our first research question pertains to a rule involving
LHPs. Doing so required acquiring variables about which pitcher was currently on the mound
when the event occurred and then evaluating their handedness. This is not as readily available
online for stolen bases, which is why the dataset needed to be constructed using pitch-by-pitch
data. Below in Figure 4.1 there are several histograms split by RHPs and LHPs. All yellow bars
represent a runner who began the play on first base (stole second or picked off first); all orange
bars represent a runner who started on second base; all pink bars represent a runner who began
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the play on third base. The top yellow-orange-pink chart displays how stolen bases split among
RHPs and LHPs. Below that is caught stealing, and then the pick-off distribution.

Overall for the culmination of each of the leagues for all the time studied of the past 3
seasons, we can see there was about a 3% difference in success rate among individuals trying to
steal a base, doing so more successfully against a LHP compared to a RHP. One thought as to
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why this might occur is only the elite base stealers attempt to steal off left handed pitchers. That
being said, there was a much smaller sample size for the amount of stolen bases off a LHP
compared to a RHP due to the fact that 25% of Major League Baseball players are left-handed
creating a 3:1 ratio discrepancy (Fitzpatrick). The only thought I was able to come up with as to
why this difference in success rate occurs is that likely only the best base stealers are attempting
to steal off left handed pitchers. There likely is some other confounding variable playing into this
difference, as well, beyond my conjecture.
Next we will move onto the two-proportion comparison of stolen base success when a
left-handed pitcher is on the mound in High-A comparing between 2019 and 2021, before and
after the rule change limiting left-handed pitchers occurred. This pertains to the left-handed
advantage experiment.
There are a few conditions that must be checked first:
1. Each group is independent of one another as well as each sample which was randomly
collected of all the data.
2. The result was either a success (P=Stolen Base) or a failure (Q=1-P=Caught Stealing)
3. N*P & N*Q are both well over 10 for both groups
Hypotheses:
H0 :p1=p2, where p1 is the SB % of High-A in 2019 and p2 is SB % of High-A in 2021
HA :p1≠p2
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−16

With our p-value being 0 (less than 2.2x10

) much less than an alpha level of even 0.001,

resulting in sufficient evidence that we can reject the null hypothesis. There is enough evidence
to conclude there is a difference in the proportion of stolen base successes between 2019 (Our
sample had 0.6643 or 66.43% success rate) and 2021 (Our sample had 0.7581 or 75.81% success
rate) (Devore). As far as figuring out how different they are we can use the confidence intervals.
We are 95% confident the true difference in the proportion of High-A stolen bases success ranges
from 11.19% to 7.57% lower in 2019 compared to 2021 when a left-handed pitcher is on the
mound. Since 0 is not within our interval, it reassures that there is a true difference between
them. This is likely due to the rule change, furthering evidence a positive impact on the stolen
base success rate when the opposing pitcher is left-handed would occur if the rule was
implemented into the Major Leagues in the future.
Next we will evaluate the difference of the mean stolen base attempts per game. This will
test if the amount of stolen bases is actually increasing or if merely the success rate is improving
and it is not becoming more interesting to fans.
Our second research question will be answered using a two-sample t-test which also requires
conditions:
1. The data is independent and randomly sampled compared to other cases
2. The data must be continuous and normally distributed. This can be relaxed via the Central
Limit Theorem since each sample has more than 30 samples
3. The variances for the two independent groups are approximately equal
Hypotheses:
H0 :μ1=μ2, where μ1 is the SBA/G of A in 2019 and μ2 is SBA/G of A in 2021
HA :μ1≠μ2
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Comparing the means of stolen bases per game it can be seen there is sufficient evidence
there is a difference between these two years. This is shown as our p-value is the smallest
−16

recordable value again of (less than 2.2x10

) lower than an alpha level of 0.001. There was a

mean of 1.22 for stolen base attempts per game played for A-ball in 2019 and a mean of 1.59 in
2021. We are 95% confident the true mean difference of stolen base attempts per game is
0.36974 to 0.36937 less in 2019 than 2021. As we expected, there was an increase in stolen base
attempts in this league following the rule change that made pitchers limited in their pick off
attempts to first.
In the end, we were able to see some simple differences in the proportion of stolen base
success rate and the differences in the mean stolen base per game total for two different leagues.
Next, a more advanced resurging method of analysis will be used to predict the stolen base
proportion in a season that uses larger bases in the MLB.

V. Bayesian Analysis
Bayesian Statistics are a form of evaluating data using an approach that involves a prior belief
about a data set, acquiring evidence to determine how accurate the prior belief was, then creating
a posterior distribution that displays how the prior belief was affected by the newfound evidence.
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Often a prior distribution can be the result of a previous posterior distribution as well. The way
this method works is it has the basis of Bayes Theorem that a probability of A given B can be
determined by the probability of B given A times the probability A occurs divided by chance B
occurs. It is also known as the posterior distribution which is calculated by the prior distribution
times the likelihood distribution divided by the distribution of evidence (Kruschke).

Figure 5.1

Using a Bayesian analysis we were able to create a new distribution of the probability of
a stolen base attempt resulting in a stolen base rather than a caught stealing. Our prior
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distribution was the 2021 MLB stolen base percentage (in red) with the likelihood distribution
being based off the 2021 Triple-A league's stolen base percentage (in black) giving us a new
curve which can be used to estimate the 2023 MLB stolen base percentage or whichever season
the larger bases are added; this is currently planned for 2023 (Nightengale). All of our
distributions result from the binomial distribution based on SB as a success and CS as a failure
with varying sample sizes.
Figure 5.2

The posterior distribution of the MLB season with larger bases is depicted in blue. In this
posterior distribution, the 95% credible interval ranges from 0.74 to 0.767 and is shown (in
green). The difference between a credible interval and a confidence interval (also shown in
purple) is that the credible interval is based on percentiles that contain the most dense, or
probable, 95% range of the data. A confidence interval, on the contrary, is the middle 95% data

20

Analysis of Minor League Rule Changes Effect on Stolen Bases

range centered around the mean. This can be most easily seen in bimodal distributions. Thus,
based on the credible interval, or high-density interval, we are 95% confident the true proportion
of stolen bases in an MLB season with larger bases will lie within the interval from 0.740 to
0.767. This grows in importance the more the distribution differs from a normal distribution
because this interval would contain the greatest 95% of the data points that the probability of a
stolen base success would occur rather than the interval being centered around the mean
proportion. When comparing this to the confidence interval the values were 0.741 to 0.769 with
p-hat value of 0.755. The difference in the two intervals results from the posterior distribution
simulating a binomial distribution where obviously the confidence interval is normally
distributed. This concludes the Bayesian analysis which gave us a strong candidate for how
successful MLB players would be in stealing larger bases.

VI. Other Methodologies
Following the Bayesian analysis, I wanted to continue looking at the dataset using some other
statistical tools. One of which is an ANOVA or analysis of variance to see how different stolen
base percentages were following the rule changes. Albeit not in this paper, one could possibly go
back and complete a hierarchical bayesian analysis using our posterior distribution as their prior
to potentially predict based on a different rule change or maybe the youth in the minors could be
approaching the Major Leagues and it is thought they will bring an influence of greater stolen
base percentages. Nevertheless, our distribution of each of the mean stolen base success rates
based on game-level data can be seen below in figure 6.1.
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Figure 6.1

Looking at Figure 6.1 above it can be seen that the stolen base success percentage differs across
both leagues and years. The data is game-level stolen base rates meaning a game where no one
stole would not add to either stolen bases or attempts but would add to the game total and would
increase the precision. Even if there are a lot of stolen bases that occurred in the game, it is just
based on the stolen base percentage that occurred within each game making a 1/1 SB/SBA and
10/10 SB/SBA game identical in this distribution. When looking at the difference between red
(2019) and blue (2021) it can be seen their ranges do not overlap in any of the leagues that had
stolen base rule changes (A, High-A, and Triple-A - as well as All Leagues). It does, however,
overlap for the two leagues without rule changes (Double-A, and all three MLB seasons). Due to
COVID-19 only Major League Baseball played in 2020 and a shift in team distribution caused
the Low-A league to dissolve. Another statistical test that can be done to see if the means of each
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of the differing groups are the same is an ANOVA test. Since there are too many groups,
however, this would be unnecessary since we know at least one would be different.
The second methodology used on the dataset was a simple linear regression. The goal
was to see if there was a correlation between stolen base percentage and the stolen bases that
occur in a game. A scatterplot, Figure 6.2, was made to see what the relationship looks like
visually.
Figure 6.2

Not too promising for findings based on the dataset of the percentages. Each point represents the
stolen base success percentage and the amount of stolen bases in a game for each of our 19
leagues studied. These variables were studied and their correlation was tested because we wanted
to see how well stolen base success was as a predictor for how many stolen bases would occur in
a season. The correlation between these two variables was calculated to be -0.11498. Essentially,
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this tells us that there is a weak negative relationship between stolen base percentage and the
amount of stolen bases per game. There is not a good predictor based on our small sample of
only 19 different seasons of the different levels across two years. This is rather odd as one would
expect a successful base stealer or base stealing team would attempt more and increase the
amount of stolen bases in the game. This is likely the result of very few data points.

VII. Conclusions
After undergoing many tests, it can be seen that rule changes have the potential to change
how baseball is played at the professional level by increasing stolen base success rates and the
amount of attempts in a game. While there will still be another season to be played at the Major
League level, the expansion of these rules for the 2022 season in the minor leagues reassures that
some of them have a true shot to be used across baseball in the future. The biggest finding within
the data was how stolen base success rates truly increased from 2019 to 2021 in each league that
contained an experiment. Double-A, on the other hand, which implemented a rule change that
did not affect stolen base rates and the Major Leagues which had no significant change in stolen
base success reaffirming the experiments were quite successful. Having those two levels as
controls proved to be accurate as to the success of runners attempting to swipe a bag without any
such rule changes. That being said however, a correlation between stolen base percentage and
stolen bases per game was unable to be discerned as a linear relationship - for this case anything
more than linear would have to be considered overfitting with such a small sample size. Our
Bayesian approach allowed for a prediction of how stolen base success would differ if the MLB
implements the larger bases based on the Triple-A league's success rate. It was seen that our
credible interval was more precise on what the stolen base rate would be compared to the
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confidence interval of the average of the two seasons. Future studies should be conducted which
evaluate how the 2022 minor league season goes with the continuation of the rule changes, as
well as, a potential for a pace-of-play analysis evaluating how long a game takes with the new
rules equipped.
VIII. Shortcomings & flawed conditions
As short as I would like to have this section, unfortunately this project brought out many
challenges from a variety of setbacks. The code to acquire all the pitches from each game took
approximately eight hours to run. In one instance there was a typo where a 3B was actually a 4B
but it was not realized until it was completed. The stolen base percentages are also not correct
and it has yet to be determined where the discrepancy between Baseball Reference's (BR's) listed
numbers recorded and the ones I have in my dataset. For the 2021 MLB season, this dataset only
has 312 Caught Stealings where BR lists 711. Pitch-by-pitch data is not available on BR making
it impossible to calculate the RHP/LHP split of SB and CS or the other splits I calculated and did
not use in the project. Those two were the winner/loser of the game and the count difference
whether the pitcher or hitter was at advantage. Negative would be pitcher at advantage (1-2= -1),
positive would be the hitter is at advantage (3-0=3). These would not have been readily available
to graph without the scraping function. MiLB data is also not available there to the same extent
otherwise I would have used that site's data instead of scraping it from the MLB API. For the
latter half of the project following the LHP/RHP splits, the data was corrected to the Baseball
Reference listings of the regular season stats to ensure the conclusions drawn were not baseless.
Nevertheless, learning experiences are created from challenges and it will be figured out soon
what the difference is caused by.
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Another shortcoming was more tests could have been run. I already mentioned a

possibility of a hierarchical model using different groups as likelihood functions but additionally
we could have done a time series analysis. Tukey's post hoc is another test that could have been
run to determine which means differed from one another. An additional enhancement to a test
would be gathering more data points to determine whether or not there is any correlation
between the stolen base percentage and the stolen base total per game. With more years being
expressed this likely could have checked each group's stationarity, but my computer did not have
the processing power to run many years of the data as we would desire to draw accurate
conclusions as a time series model.
In regards to how the survey went in the beginning, more questions could have been
asked and we could have gathered a more representative sample of the population. Although a
convenience sample was used a decent sample size was acquired even after omitting over half of
the respondents. The questions may have had some bias too, although maybe baseball fans really
do want more stolen bases occurring. All-in-all, there have been lots of hoops and bounds to
overcome in order to complete this analysis on a massive data set with numerous possibilities for
discussion.
IX. Code
A lot of the work for this project occurred more behind the scenes rather than the charts and
analyses within this paper. Over 500 lines of code were used to create the charts shown
throughout. I will show some snippets here of the code but the full extent will be available to
read through on my github, another important aspect learned throughout the project adding to my
repertoire in potentially acquiring a job as a data scientist in the baseball industry some day.
Some highlights can also be seen below:
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Above shows the function that pulls the games for each level that were played from 2019-2021.
Below was the manual input of the stolen base, caught stealing, and game variables that were
correct on Baseball Reference. (Baseball Reference)

As said before, more code can be seen at https://github.com/Zachary1714/Honors-Project
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